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http:WHAT THIS PAPER ADDS
Although the peri-operative mortality of elective abdominal aortic aneurysm (AAA) repair has been reduced
signiﬁcantly over time, the risks associated with this operation are not negligible. Important differences in the
risk of peri-operative mortality exist based on patient comorbidity and anatomy. In addition, the outcome of
AAA repair varies between regions. In order to assess the regional variation in peri-operative outcome, the
current report analyses the role of case selection in terms of AAA size and patients’ comorbidities on peri-
operative mortality, using the Vascunet database. The report indicates that variations in outcome can be
partly attributed to differences in case mix and patient selection.Objective/background: National differences exist in the outcome of elective abdominal aortic aneurysm (AAA)
repair. The role of case mix variation was assessed based on an international vascular registry collaboration.
Methods: All elective AAA repairs with aneurysm size data in the Vascunet database in the period 2005e09 were
included. AAA size and peri-operative outcome (crude and age adjusted mortality) were analysed overall and in
risk cohorts, as well as per country. Glasgow Aneurysm Score (GAS) was calculated as risk score, and patients
were stratiﬁed in three equal sized risk cohorts based on GAS. Predictors of peri-operative mortality were
analysed with multiple regression. Missing data were handled with multiple imputation.
Results: Patients from Australia, Finland, Hungary, Norway, Sweden and the UK (n ¼ 5,895) were analysed; mean
age was 72.7 years and 54% had endovascular repair (EVAR). There were signiﬁcant variations in GAS
(lowest ¼ Finland [75.7], highest ¼ UK [79.4], p for comparison of all regions < .001), proportion of
AAA < 5.5 cm (lowest ¼ UK [6.4%], highest ¼ Hungary [29.0%]; p < .001), proportion undergoing EVAR
(lowest ¼ Finland [10.1%], highest ¼ Australia [58.9%]; p < .001), crude mortality (lowest ¼ Norway [2.0%],
highest ¼ Finland [5.0%]; p ¼ .006), and age adjusted mortality (lowest ¼ Norway [2.5%], highest ¼ Finland
[6.0%]; p ¼ .048). Both aneurysm size and peri-operative mortality were highest among patients with a GAS >82.
Of those with a GAS >82, 8.4% of men and 20.8% of women had an AAA <5.5 cm.
Conclusion: Important regional differences exist in case selection for elective AAA repair, including variations in
AAA size and patient risk proﬁle. These differences partly explain the variations in peri-operative mortality.
Further audit is warranted to assess the underlying reasons for the regional variation in case-mix.
 2015 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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//dx.doi.org/10.1016/j.ejvs.2015.01.021reduced signiﬁcantly over time, mainly the result of the
broad introduction of endovascular repair (EVAR), the risks
associated with this operation are not negligible.1e3
Important differences in risk of peri-operative mortality
between subgroups exist based on patient related factors
such as comorbidity and aneurysm anatomy, as well as
factors related to the operative technique and surgeon/
centre volume.2e6 In retrospective analyses, the peri-
operative mortality rate varies from <1% in healthy,
young patients treated with EVAR to >8% in octogenarians
treated with open repair.3,4,7
Table 1. Patient characteristics.
Overall OR EVAR p
n 5,895 3,176 2,007
Age (y; mean  SD) 72.7  7.9 71.9  8.0 74.0  7.7 <.0001
Female (%) 15.6 16.9 13.6 .001
Aneurysm diameter (cm; mean  SD) 6.6  1.5 6.7  1.6 6.6  1.4 .175
Cardiac disease (%) 47.9 46.8 49.5 .243
Renal disease (%) 6.7 5.6 8.5 <.001
Cerebrovascular disease (%) 11.3 11.6 12.3 .368
Peri-operative mortality (%) 2.9 3.8 1.5 <.001
GAS (mean  SD) 78.2  10.4 77.2  10.4 79.7  10.4 <.001
Note. OR ¼ odds ratio; EVAR ¼ endovascular aneurysm repair; GAS ¼ Glasgow Aneurysm Score.
Regional Differences in Case Mix and Peri-operative Outcome 647In an international comparison of outcome of AAA repair
in nine national and regional vascular registries based on
the Vascunet database collaboration, there was evidence of
variation in peri-operative mortality after elective AAA
repair between countries.1 Variations in case selection were
identiﬁed and displayed by regional differences in the rate
of female patients and rate of ruptured AAA repairs.
Although most elective AAA repairs were performed in
patients with a maximum AAA diameter of >5 cm, there
were also important variations in AAA size.
The current report analyses the differences in case se-
lection in terms of AAA size, patient age, and comorbidities
in the Vascunet database, and the potential effect of these
variations on peri-operative mortality.
MATERIALS AND METHODS
The current compilation of data in the Vascunet database
includes 31,427 intact AAA repairs performed in nine
countries in the period 2005e09, and has been described in
a previous publication.1 Data on maximum AAA diameter at
time of repair was available for 5,895 of these cases from
Australia, Finland, Hungary, Norway, Sweden, and the UK.
The current analysis was focused on these cases in order to
be able to assess the rate of small aneurysms (<5.5 cm)
operated on in different regions and the role of AAA size on
peri-operative outcome. Patients were excluded from the
Danish (n ¼ 2,500) and Swiss (n ¼ 1,814) registries, which
did not report AAA size, and from the Italian registry
(n ¼ 9,107), which only reported diameter ranges. Aneu-
rysm size was reported in selected patients in the Australian
(15.5%), Finnish (47.4%), Hungarian (78.1%), Norwegian
(98.7%), and UK (24.4%) registries. In the Swedish registry,
AAA size was only registered for patients operated on after
May 2008. Patients with no AAA size data in these registries
were also excluded from analysis. A sensitivity analysis of
patient characteristics and outcome of those included
versus those excluded in the current paper was performed.
In order to assess outcome based on case mix, age
adjusted peri-operative mortality was calculated per coun-
try. For assessment of the combined effect of age and
comorbidities, 10 possible AAA related risk scores were
considered.8 As the Vascunet database is based on several
registries with variations in peri-operative variables, the risk
scores possible for use were limited, as several of the scores
require an extensive number of variables not available inthe current registries. The Glasgow Aneurysm Score (GAS)
was the preferred risk score for this analysis, owing to the
clear deﬁnition of the four variables required
(GAS ¼ age þ 7 for cardiac comorbidity; þ10 for cerebro-
vascular comorbidity; þ14 for renal comorbidity) and the
extensive validation available. The patient cohort was
stratiﬁed in three subgroups based on GAS. Cut off points
were selected after assessment of the total cohort’s GAS
distribution histogram in order to create three subgroups of
equal size. This was achieved with the cut off levels of GAS
<74 (n ¼ 1,912), 74e82 (n ¼ 2,042), and >82 (n ¼ 1,941).
The peri-operative outcome was assessed overall, as well
as based on operative technique for all patients and for
subgroups. When assessing peri-operative mortality in
subgroups, owing to the small denominator, data were
omitted in subgroups with a total number of cases <50.
Crude and age adjusted mortality were analysed for each
country. To assess the effect of pre-operative AAA size and
comorbidities on peri-operative mortality, risk factors were
assessed in uni- and multivariable analysis.Statistics
All continuous data are presented with the mean and
compared using the Student t test or one-way analysis of
variance. Proportions are presented as percentages and
compared using the chi-square test. Binary logistic regres-
sion was used to estimate the odds ratios (ORs) for age (per
year), female sex, AAA diameter (per cm), and comorbidities
(cardiac, cerebrovascular, and renal) in relation to peri-
operative mortality. Uni- and multivariable analysis (with
forced entry of all the abovementioned parameters) were
performed. ORs are presented with 95% conﬁdence in-
tervals (CIs). Owing to variations in the registration of
comorbidities between registries, values were missing for
some of the comorbidity parameters. These values were
replaced with multiple (10) fully conditional imputations
based on the available data.9 Missing values were age (0.6%
of cases), cardiac comorbidity (5.2% of cases), renal co-
morbidity (5.7% of cases), and cerebrovascular comorbidity
(45.0% of cases). The high number of missing values
regarding cerebrovascular comorbidity was owing to lack of
reporting of this parameter in Australia, Hungary, and the
UK. To assess GAS model discrimination, receiver operating
characteristic (ROC) curve analysis was performed for the
Table 2. Proportion of patients with a maximum aortic diameter
<5.5 cm at operation, per country.
Male <5.5 cm (%) Female <5.5 cm (%)
Australia 26.6 17.1
Finland 18.5 40.0
Hungary 25.7 48.4
Norway 13.6 30.7
Sweden 17.5 38.2
UK 6.0 9.0
Overall 12.2 24.9
p <.001 <.001
648 K. Mani et al.imputed dataset. Age adjusted mortality was calculated
using model based standardization, with the entire cohort
as the reference population. A p-value of <.05 was regarded
as signiﬁcant. Statistical evaluation was performed with
SPSS Statistics version 21 (IBM, Armonk, NY, USA) and R
version 3.1.0 (R Foundation for statistical computing,
Vienna, Austria).
RESULTS
Patient characteristics are presented in Table 1.
Case mix analysis
The proportion of patients with an aortic diameter <5.5 cm
was 12.2% in men and 24.9% in women (Table 2), with
great variation between regions. There was no difference in
peri-operative mortality based on aneurysm size (open
repair: <5.5 cm, 2.7%; 5.5 cm, 4.0%; [p ¼ .196]; EVAR:
<5.5 cm, 0.7%, 5.5 cm, 1.7% [p ¼ .421]).
Both crude and age adjusted peri-operative mortality
varied between countries (Table 3). After age adjustment,
variation in peri-operative mortality was signiﬁcant after
open repair (p ¼ .009) but not after EVAR (p ¼ .180)
(Table 3). There were signiﬁcant variations in GAS in the
different regions (Table 3). Peri-operative mortality was
particularly increased in the subgroup of patients with a
GAS >82, after both open and endovascular repair
(Table 4). The cohort with a GAS >82 had the largest meanTable 3. Glasgow aneurysm score (GAS), crude peri-operative mortality
and endovascular repair (EVAR) separately. Values are presented as gre
region is higher than the mean value of the whole group.
Overall OR
GAS
(mean  SD)
Peri-
operative
mortality
(%)
Age
adjusted
mortality
(%)
GAS
(mean  SD)
Australia 79.1  10.4 3.5 2.9 77.3  10.1
Finland 75.7  11.3 5.0 6.0 75.3  11.0
Hungary 76.0  10.9 2.4 1.8 76.2  10.9
Norway 77.3  10.4 2.0 2.5 77.3  10.5
Sweden 77.4  10.9 2.9 2.9 74.1  10.8
UK 79.4  10.1 3.9 4.0 78.0  9.9
Overall 78.1  10.4 2.9 3.3 77.2  10.4
p <.001 .006 .048 <.001
Note.
a If the total number of cases was <50, peri-operative mortality wasaneurysm size (Table 4). Among this high risk cohort, 8.4%
of men and 20.8% of women were treated for aneurysms
<5.5 cm in size.
In a qualitative analysis, the GAS and the peri-operative
mortality (crude and age adjusted) per region were
compared with the mean GAS and mortality after AAA repair
with open and endovascular techniques (Table 3). Australia
and the UK had higher GAS and higher peri-operative mor-
tality than average, both for open repair and EVAR. Finland
had a lower than average GAS, but higher than average peri-
operative mortality after open repair. The number of EVARs
performed in Finland was too low to allow analysis. Sweden
had a lower than average GAS in open repair with higher than
average mortality, which was counterbalanced by the
opposite pattern in the EVAR group.
The ROC curve analysis showed an area under the curve
(AUC) value of 0.616e0.626 (95% CI 0.577e0.665) for the
imputed datasets for GAS as a predictor of peri-operative
outcome. The AUC value for EVAR was 0.630e0.670 (95%
CI 0.523e0.768), and for open repair it was 0.603e0.630
(95% CI 0.552e0.680).
Predictors of outcome
Factors associated with peri-operative mortality were
assessed in uni- and multivariable logistic regression
(Table 5). Age, aneurysm size, and renal disease were sig-
niﬁcant predictors of mortality after open repair in both
uni- and multivariable analysis. However, for EVAR, age was
not a predictor of mortality, while renal disease and aneu-
rysm size remained signiﬁcant predictors.
Sensitivity analysis
In order to assess the effect of the exclusion of cases
without data on AAA size from the current analysis,
included versus excluded cases were compared (Table 6).
The excluded cohort had a lower proportion of women, and
a higher proportion of cardiac disease, as well as a higher
rate of EVAR. There was no difference in peri-operative
outcome., and age adjusted mortality per region, overall and for open (OR)
y-shaded when the GAS or peri-operative mortality in the speciﬁc
EVAR
Peri-
operative
mortality
(%)
Age
adjusted
mortality
(%)
GAS
(mean  SD)
Peri-
operative
mortality
(%)
Age
adjusted
mortality
(%)
4.3 4.3 80.4  10.3 3.0 1.9
5.6 7.1 79.3  13.2 a a
1.8 1.7 75.3  11.0 a a
2.7 2.7 77.3  10.3 0.3 0.3
4.7 5.3 80.3  10.2 1.3 1.4
5.5 5.5 81.5  10.1 2.1 1.8
3.8 3.9 79.7  10.4 1.5 1.5
.005 .009 <.001 .012 .180
not analysed.
Table 4. Mean aneurysm size and peri-operative mortality per Glasgow Aneurysm Score (GAS) subgroup.
GAS <74 GAS 74e82 GAS >82 p
AAA size
(cm; mean  SD
Mortality
(%)
AAA size
(cm; mean  SD
Mortality
(%)
AAA size
(cm; mean  SD)
Mortality
(%)
AAA sizea Mortalityb
Overall 6.5  1.5 2.0 6.6  1.5 2.6 6.8  1.5 5.2 <.001 <.001
Open repair 6.5  1.6 2.6 6.6  1.5 3.0 6.9  1.6 6.1 <.001 <.001
EVAR 6.3  1.4 1.0 6.6  1.5 1.0 6.8  1.4 2.4 <.001 .029
Note. EVAR ¼ endovascular aneurysm repair; AAA ¼ abdominal aortic aneurysm.
a One-way analysis of variance.
b Chi square.
Regional Differences in Case Mix and Peri-operative Outcome 649To assess the effect of the high number of missing ce-
rebrovascular comorbidity data on comparison of GAS, a
regional risk proﬁle analysis was performed based on age,
and cardiac and renal comorbidity only. This showed the
same pattern as the GAS analysis in terms of distribution of
patient risk proﬁle per region and outcome (Supplementary
Table 1).DISCUSSION
Repeated analyses of the Vascunet database have previ-
ously indicated regional differences in case selection and
outcome after vascular surgery.1,10e14 The previous ana-
lyses of AAA repair in the Vascunet database have primarily
focused on assessment of crude peri-operative survival
without correction for case mix. Although national varia-
tions in individual parameters such as patient age and rate
of comorbidities have previously been reported, differences
in case selection in terms of combined patient risk proﬁle
and AAA size have not previously been assessed. With the
current report, the potential for international audit of
vascular surgical practice in the ﬁeld of AAA repair is taken
beyond mere assessment of peri-operative mortality. In
addition, the current analysis shows important variations in
the rate of small aneurysms operated on, and supports the
hypothesis that variation in outcome may be affected by
the size of the aneurysm in the patients undergoing elective
repair.Table 5. Uni- and multivariate analysis of predictors of peri-operative
(EVAR) repair in the Vascunet database. Grey-shaded areas indicate si
Open repair
OR 95% CI
Univariate analysis
Age per year 1.056 1.029e1.083
Female sex 1.107 0.690e1.774
Aneurysm size per cm 1.176 1.063e1.300
Cardiac disease 1.133 0.782e1.643
Cerebrovascular disease 0.982 0.427e2.258
Renal disease 2.372 1.312e4.287
Multivariate analysis
Age per year 1.048 1.021e1.076
Female sex 1.095 0.673e1.781
Aneurysm size per cm 1.140 1.025e1.268
Cardiac disease 1.087 0.744e1.589
Cerebrovascular disease 0.922 0.400e2.124
Renal disease 1.967 1.082e3.575
Note. OR ¼ odds ratio; CI ¼ conﬁdence interval.The Vascunet collaboration offers a unique possibility for
international comparison of vascular surgical outcome data
through a merger of population based vascular surgical reg-
istries. Candid presentation of surgical outcome using robust
audits is an essential tool for identifying areas for quality
improvement. Registries do have inherent limitations. In the
Vascunet collaboration the participating registries have
various levels of national and regional coverage, although
they all have a deﬁned population base. In addition, external
and internal validation has not been performed for all reg-
istries, although this is an ongoing process,15 and some of the
registries have been well validated on multiple occasions.16e
19 A process has been initiated in which international vali-
dation of both internal and external validity is performed by
independent expatriate experts. The Hungarian and Swedish
registries have been validated accordingly.13,20 Earlier vali-
dation studies of the Norwegian NORKAR registry showed
under registration of both operations and peri-operative
mortality19; thus, the ﬁgures have to be interpreted with
caution. However, a validity analysis of the Norwegian data
against the national patient register (NPR) for the years
included in this study (2005e09) showed 81.6% coverage. In
hospital mortality for the NPR data was 2.8%, while mortality
in the NORKAR registry was 2.9%. This ﬁgure is somewhat
higher than in this study, owing to the inclusion of symp-
tomatic aneurysms in this comparison.
The GAS was used as risk calculation model in the current
report. This scoring system has been extensively used andmortality after open and endovascular abdominal aortic aneurysm
gniﬁcant predictors.
EVAR
p OR 95% CI p
<.001 1.050 0.999e1.104 .054
.674 1.231 0.469e3.233 .673
.002 1.297 1.081e1.556 .005
.509 1.212 0.562e2.610 .623
.966 0.157 0 .998
.004 4.019 1.756e9.198 .001
<.001 1.031 0.98e1.085 .235
.715 1.412 0.523e3.810 .496
.016 1.281 1.061e1.547 .010
.667 1.155 0.530e2.519 .717
.845 0.153 0 .998
.027 3.854 1.647e9.022 .002
Table 6. Comparison of patients included versus excluded based
on availability of data on abdominal aortic aneurysm (AAA) size.
Included
patients
(AAA size
available)
Excluded
patients
(AAA size
unavailable)
p
n 5,895 25,532
Age (y; mean  SD) 72.7  7.9 72.6  7.8 .410
Female sex (%) 15.6 12.7 <.001
Cardiac disease (%) 46.8 49.7 <.001
Renal disease (%) 6.5 7.1 .140
Cerebrovascular
disease (%)
11.3 11.3 .494
EVAR (%) 38.5 45.0 <.001
Peri-operative
mortality open
repair (%)
3.8 3.5 .392
Peri-operative
mortality
EVAR (%)
1.5 1.4 .540
Note. EVAR ¼ endovascular aneurysm repair.
650 K. Mani et al.validated in elective AAA repair, especially in the open
surgical setting.8,21 Although several other risk prediction
models were considered, most require pre- and peri-
operative data collection that would not have been
possible in the context of this international registry collab-
oration.4,22 The ROC analysis showed poor accuracy of GAS
as a predictor of peri-operative outcome in this cohort, with
a lower AUC than reported in previous validations.8 The risk
score analysis was complemented with analysis of age
adjusted mortality in the current report. These analyses
show signiﬁcant regional variation in risk proﬁle among
patients who underwent elective AAA repair. Although
there is a correlation between the GAS and the surgical
mortality, this is not always the case. As an example, the
analysis presented in Table 3 indicates that in Finland and
Sweden the peri-operative mortality after open AAA repair
is higher than average, despite a lower than average GAS in
these countries. The exact cause of this contradictory
outcome cannot be elucidated from the current database,
and may include factors such as surgeon and centre speciﬁc
volumes and aneurysm anatomy when cases are selected
for open repair. In depth analyses of the subgroups where
surgical mortality is high despite low peri-operative risk in
the national databases are warranted.
The assessment of AAA size as a predictor of peri-
operative mortality indicates that this parameter is associ-
ated with outcome, independent of age and comorbidities.
The size of the aneurysm has previously been shown to
predict complications after EVAR.23 Although there is no
biological explanation for AAA size affecting operative
outcome per se, the size of the aneurysm could act as a
surrogate marker for complexity of aneurysm anatomy. The
neck morphology of an AAA correlates with aneurysm
size,24 and affects the complexity of both open and endo-
vascular repair. The moderate increase in operative risk
associated with a 1 cm increase in size of the aneurysm (ORfor open repair 1.14, OR for EVAR 1.28) is, however, coun-
terbalanced by the increased risk for rupture among pa-
tients with large aneurysms,25 and it is thus not possible to
recommend repair of small aneurysms to reduce peri-
operative risk based on this result.
The report indicates that the threshold level for repair of
small aneurysms varies between countries. Several ran-
domized trials have conﬁrmed the low risk of rupture in
aneurysms <5.5 cm in size, and the safety of ultrasound
surveillance in this cohort.26,27 The variation in rate of small
AAA repair may depend on differences in interpretation and
management of rapid growth and symptomatic aneurysms
between regions, as well as differences in attitude towards
treatment of small AAA with EVAR. During the period
studied in this report, two groups assessed surveillance
versus EVAR of small AAA.28,29 Both of these studies have
since reported no difference in mortality between surveil-
lance and EVAR for small AAA, with a potential short-term
beneﬁt in quality of life for invasive treatment.30 The peri-
operative mortality in patients with AAAs <5.5 cm in this
study was 0.7% (EVAR) to 2.7% (open repair). Assuming a
rupture risk of 1% per year, early open repair is unlikely to
result in survival beneﬁt, while the role of EVAR may require
further investigation in patients with an increased rupture
risk (women and/or smokers with AAAs 5.0e5.5 cm).31 The
European and US guidelines recommend a 5.5 cm threshold
for AAA repair but mention uncertainty regarding the
management of aneurysms between 5.0 and 5.5 cm in size
in women and young, healthy individuals.32,33 Although
women have a higher risk of rupture than men, randomized
trials have not shown any survival beneﬁt in subgroup an-
alyses for early repair.31,34 The 20% rate of small AAA repair
among high risk women in this cohort is debatable.Limitations
This study underlines the fact that despite the presence of
several high quality randomized trials in the ﬁeld of AAA
surgery, delivery of care for patients with AAA still varies
signiﬁcantly between nations. Owing to limitations in the
current Vascunet database, it was not possible to assess the
potential effect of surgeon and centre speciﬁc volume,
which also may affect outcome.35 The latest international
Vascunet data compilation was performed in 2010, limiting
the current analysis to patients treated during the period
2005e09. A new data compilation is planned, which will
enable assessment of the development of the identiﬁed
regional differences over time.
A limitation of the current report is the variation in
registration of comorbidities. To enable comparison of
outcome based on combined pre-operative risk, multiple
imputation was used to deal with missing values.9 Tradi-
tionally, case exclusion has been the standard technique for
missing values in epidemiological research. However, this
introduces bias as missing values are seldom at random and
case exclusion can result in signiﬁcant reduction of the
sample size with increased risk of type II statistical error, in
particular when multivariate analysis is performed. In the
Regional Differences in Case Mix and Peri-operative Outcome 651current report, censoring would have reduced the sample
size signiﬁcantly. The potential to use multiple imputation in
handling of missing data has previously been described by
the UK National Vascular Database.36 The number of
missing data was particularly high regarding cerebrovascular
disease. Sensitivity analyses and age adjusted analyses were
performed to assess the effect of missing data. Missing
values remain a signiﬁcant hurdle in national and interna-
tional registry based epidemiological research. In the Vas-
cunet collaboration, a common dataset has been agreed for
further harmonization of registries in order to avoid missing
variables in international audit efforts. Despite its limita-
tions, the current report underlines the importance of
registries in assessing real world clinical practice and its
relation to the present scientiﬁc evidence. Registries and
trials are not contradictory, but complementary.37
CONCLUSION
National variation in surgical mortality after elective AAA
repair can be partly attributed to differences in case mix.
Signiﬁcant variation in the size of AAA at the time of elec-
tive repair reﬂects differences in interpretation of the evi-
dence in this ﬁeld, which could affect peri-operative
mortality, as AAA size was an independent predictor of
outcome. Further international audit of surgical mortality
after AAA repair should preferably be performed with
robust correction for patient risk proﬁles.
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